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Abstract

Aim: In this study, we aimed to investigate the optic coherence tomography findings in patients who received external beam radiotherapy. Material and Meth-
od: All consecutive subjects applied to the radiation oncology department due to head, neck or brain tumors were enrolled prospectively into the study. Macula
radiation dose and eye dose were calculated from dose-volume histogram plot curve. Eyes were evaluated with regard to macular thickness with optical coher-
ence tomography at the baseline and 6th month after the radiotherapy. Results: A total of 32 eyes of 16 patients were included in the study. The mean macula
dose was 1780 + 1403 cGy, maximum macula dose was 2059 + 1479 cGy and the mean eye dose was 1015 + 784 cGy. Among 16 patients, macular edema
was developed in one patient (%6,25) 18 weeks after the radiotherapy. Apart from this patient, no other patient developed any kind of retinal complication
regarding the radiotherapy during 6 months follow up. The retina showed no change with regard to the studied parameters during the study period (p<0.05).
Discussion: OCT is an effective way to determine early changes in patients undergoing radiotherapy and it enables prompt diagnosis of early clinical macular
edema. This study is of significance in that our patients didn't get direct retinal radiation therapy during 6-months follow-up. Long-term studies with a larger
cohort group will yield more suggestive data on this clinical entity.
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Introduction

Radiation retinopathy (RR) may result from direct radiation
treatment of the malignancies of the head and neck region and
was first described by Stallard in 1933 [1]. It has been reported
after plaque brachytherapy as well as after radiotherapy due
to intracranial tumors and orbital diseases [2,3]. It generally
develops between six months and three years after radiation
exposure but it can develop as early as one month and as late
as 15 years or more [4]. The disease is characterized by delayed
retinal hemorrhages, macular edema, retinal microvascular
changes, capillary occlusion, endothelial cell loss, microaneu-
rysm formation, perivascular sheathing, and neovasculariza-
tion. Macular edema involving the fovea is a major source of
visual morbidity in patients undergoing radiation retinopathy
[5]. Previous studies have reported different rates of macular
ischemia up to 76% [6].

Optical coherence tomography (OCT) and fundus fluorescein
angiography are important diagnostic tools in the evaluation
of eyes with RR. OCT is a noninvasive procedure that directly
images retinal cross-sections and various retinal diseases such
as macular degeneration, macular edema, and optic nerve dis-
orders. It also gives numeric data about the ocular structures
and enables quantitative evaluation of macular anatomy. Re-
searches showed that OCT can detect evidence of macular
edema 5 months earlier before clinically detectable radiation
maculopathy is established [7].

Patients with orbital tumors treated with plaque or brachy-
therapy are required to undergo ophthalmological examination
routinely but patients treated with external beam radiotherapy
are less likely to be evaluated regularly with dilated fundus ex-
aminations. Considering the progressive pathophysiology and
latency of RR, early visits after radiotherapy may be inadequate
and subsequent delays in diagnosis and treatment can result in
long-term maculopathy leading to irreversible vision loss [5]. It
is crucial that regular visits should be scheduled after external
beam radiotherapy for the prompt detection of radiation reti-
nopathy.

Ophthalmic armamentarium including OCT may help early de-
tection of the manifestations of radiation retinopathy and be an
important asset in the diagnosis. In this paper, we prospectively
investigated optic coherence tomography findings in patients
received external beam radiotherapy to the periorbital region.

Material and Method

Patients

The study followed the tenets of the Declaration of Helsinki and
all participants gave written informed consent for the study.
The study was approved by the Kahramanmaras Sutcu Imam
University clinical research ethics committee. All consecutive
subjects applied to the radiation oncology polyclinic due to
head and neck tumors or brain tumors were enrolled prospec-
tively into the study. Subjects with short survival rates or poor
health status who were unable to conform to study protocol
procedures, patients with comorbid diseases such as diabetes
mellitus, coronary artery diseases, and hypertension or patients
with any ocular diseases were excluded from the study. All pa-
tients underwent a complete ophthalmologic evaluation includ-
ing dilated funduscopic examination. Patients were followed

up for 6 months and at the end of 6th month, the study was
finished.

Radiation therapy

All subjects were applied thermoplastic masks and requested
to close eyelids for protection during the Simulation CT and
radiotherapy. Simulation CT sections were taken at a thickness
of 2.5 mm and the computerized tomography images were then
transferred to the Eclipse treatment planning system (Varian
Medical Systems, Version 13.0, Inc. Palo Alto, CA). Macula was
defined as the area 4-6 mm temporal to the optic disc over
three planes and planned risk volume margin was defined as
2 mm. Radiotherapy of 6 MV photon energy was applied with
a linear accelerator (Trilogy, Varian Medical Systems Palo Alto,
CA) at a fraction dose of 1.8/2 Gy daily. Macula radiation dose
and globe dose were calculated from dose-volume histogram
plot curve.

ocT

Eyes were evaluated with regard to macular thickness with
OCT at the baseline and 6th month after the radiotherapy. The
macular structure was evaluated using an OCT (Cirrus HD-OCT,
Zeiss, Jena, Germany) using a scan pattern of 512 x 128. A
macular cube of 6x6 mm was measured. The macular thick-
ness between the inner limiting membrane and retinal pigment
epithelium in 9 sectors originating from the Early Diabetic Reti-
nopathy Study Group were determined (Figure 1,2).
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Figure 1. 6x6 mm macular cube involving nine sectors

Statistics

Statistical analyses were calculated with a statistical soft-
ware program (SPSS ver.22, IBM, Chicago Ill). The data were
expressed as the mean + standard deviation. The paired t-test
was used to compare the significances between the measure-
ments after the normality of distribution was assessed by the
Shapiro-Wilk test. The p-value of less than 0.05 was set as the
significance level.
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Figure 2. The OCT Picture of a patient before radiotherapy

Results

A total of 32 eyes of 16 patients were included in the study.
Of subjects, 13 (81.3%) were male and 3 (18.8%) were female.
The mean age of the subjects was 51 years (19-76 years). The
tumor was located in the nasopharynx in 4 patients, in the oral
cavity in 2 patients and in the central nervous system in 10
patients (4 glioblastoma multiforme, 2 low-grade glial tumors,
1 ependymoma, 1 anaplastic meningioma, 1 medulloblastoma
and 1 primary CNS lymphoma). Nine subjects (56.3%), received
radiotherapy and chemotherapy simultaneously. As chemo-
therapy, 6 patients received cisplatin and 3 patients received
temozolomide. The mean macula dose was 1780,53 + 1403,00
cGy, maximum macula dose was 2059,10 + 1479,96 cGy and
the mean orbital dose was 1015,33 + 784,52 cQy.

Macular thickness and volume values in response to radiothera-
py are listed in Table 1. Among 16 patients, radiation retinopa-
thy characterized by visual loss, macular edema hemorrhage,
increased vascular tortuosity, fibrous traction bands, and hard
exudates was developed in one patient (%6,25) 18 weeks after
the radiotherapy.

In the patient with developed bilateral radiation retinopathy,the
mean macular radiation dose was 3727 cGy in the right eye
and 3618 cQy in the left eye and the maximum macular radia-
tion dose was 4014 cQy in the right eye and 3983 cCQy in the
left eye, the mean eye glob radiation dose was 2442 cGy on the
right side and 2186 cGy on the left side. Due to the perpetuat-
ing macular edema and visual loss, the patient was treated with
intravitreal anti-vascular endothelial growth factor drug injec-
tions after which the edema was treated successfully. To give
a clear idea of how radiotherapy affects retina other than vas-
culopathy driven edema, analyses were done after the patient
with macular edema was excluded. Apart from this patient, no
other patient developed any kind of retinal complication re-
garding the radiotherapy during 6 month follow up. There was

no difference between the studied parameters and any kind of
retinopathy didn’'t develop during the study period (p<0.05).

Table 1. Macula volume and the thicknesses in 9 sectors before and 6 months
after the radiotherapy. (n=30)

Baseline Measure-

measure- ment 6

ment months after p

(Mean+Std radiotherapy

Dev) (Mean+Std

Dev)

Macular cube (6x6 mm) volume (mm?3) 10,1 10,2 0,484
Subfoveal thickness thickness (p) 252,0 +21,7 253,1 +19,9 0,793
Parafovea superior thickness (p) 3248 +153 3245+17,2 0913
Parafovea temporal thickness (p) 320,0 156 317,2+21,7 0,483
Parafovea nazal thickness () 318,8 +18,4 318,7 17,4 0,984
Parafovea inferior thickness (p) 322,8+12,6 316,1 +41,4 0,327
Perifovea superior thickness (p) 279,7 +10,9 284,6 +14,8 0,067
Perifovea temporal thickness (p) 281,4 +19,5 282,6 +259 0,677
Perifovea nazal thickness (p) 280,4 +24,0 280,3 £16,1 0,957
Perifovea inferior thickness (p) 270,4 £12,1  272,6 £145 0,489

Discussion

Radiation retinopathy can be seen following plaque and external
beam radiotherapy. Predisposing factors for radiation-induced
retinal injury have been reported as a history of diabetes, col-
lagen vascular disease, hypertension, and chemotherapy [8-10].
Due to the fact that RR displays clinical and angiographic fea-
tures that are virtually identical to those seen in retinal vascular
diseases, patients with a previous history of those diseases are
excluded from the study [11].

Risk factors for RR are total radiation dose, fractionation, field
design, type and rate of administration. Although the estimated
tolerance dose with a 5% risk at 5 years (TD 5/5) is 45 Gy and
the TD50/5 is 65 Gy, the threshold dose for the retina is thought
to be between 30 Gy and 35 Gy [12]. In the recent Cochrane
database review of radiotherapy for macular degeneration, no
retinopathy or optic nerve damage was reported in 1154 pa-
tients treated with doses up to 24 Gy [13]. Hyperfractionation
is associated with a decreased incidence of RR and patients
who received fractions of <1.9 Gy are found unlikely to develop
RR in one study [14]. Radiated volume is also a risk factor. Eyes
receiving more than 50 Gy to 60% or more of the retina have
been shown to be more likely to develop RR [15].

In this research, we found that radiotherapy induced macular
edema in one patient but other 15 patients showed no evidence
of retinopathy on OCT and ocular examination. In our study, in
the patient who developed edema, craniospinal radiation was
done and retina and macula were included in the target volume
in craniospinal radiation therapy. We had to give a dose which
was more than the thresholds that other studies reported as
24 Gy and 30-35 Qy. Finger et al. investigated the risk factors
for radiation maculopathy after ophthalmic plaque radiation for
choroidal melanoma and found that a significant dose-response
relationship was found between dose to fovea and radiation
maculopathy. As compared with a dose of < 35 Qy, the risk of
RM was 1.74 (95% Cl, 0.98 to 3.1) for doses from 35 to 70 Gy,
and the risk of RM was 2.43 (95% Cl, 1.48 to 4.0) for doses
of 70 Gy or more [16]. In this respect, the macular dose may
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be more valuable for predicting the radiation retinopathy. This
result means that it would be prudent to contour the macula in
addition to contouring the globe.

Although the latent period is typically between 6 months and
3 years and shorter after the high dose radiation, early onset
cases can be found. In this research, macular parameters deter-
mined by OCT remained the same throughout the study in all
patients but one patient in 6-month follow-up. In a case report,
OCT demonstrated significant thinning of inner plexiform, in-
ner nuclear and outer nuclear layers, suggesting that primary
radiation-induced damage is initially confined to inner retinal
layers [17]. Another study presented a radiation retinopathy
case one month after total cranial radiotherapy [18]. The OCT
of that patient revealed attenuation of central macular thick-
ness with loss of photoreceptor inner segment/outer segment
junction rather than macular edema.

Archer at al. found that the immediate effects of radiation are
related to interphase and early mitotic death of injured endo-
thelial cells whereas later changes may be attributed to the
delayed mitotic death of compromised endothelial cells as they
attempt to divide in the ordinary course of repair and replace-
ment [19]. As a result, the chronic effects of radiation on the
retina are retinal microvascular lesions, endothelial cell loss,
capillary occlusion, and microaneurysm formation. Macular
edema arising from microvascular changes is a common find-
ing of RR.

In our study, we didn’t record any kind of change in macular pa-
rameters. Longer follow-ups may be able to detect late changes
caused by radiation. Mashayekhi et al. found that eyes with sub-
clinical macular edema at the baseline and at the 4th month
after plaque radiotherapy had a significantly higher rate of fu-
ture clinical macular edema compared to the eyes without sub-
clinical macular edema at baseline [20]. The authors suggested
that high-risk patients for RR be evaluated with OCT and ocular
examination 4 and 6 months after the radiotherapy.

In conclusion, OCT is an effective way to determine early
changes in patients undergoing radiotherapy to the head and
neck region and it enables convenient diagnosis of early clini-
cal macular edema. Our study is also of significance in that our
patients didn’'t get direct retinal radiation therapy. Long-term
studies with a larger cohort group will yield more suggestive
data on this clinical entity.

This study presented as an oral presentation at 13th National
Radiation Oncology Congress, from 27 April to 1 May 2018,
Cyprus.
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